A fundamental assumption underlying most current theories of amnesia is that memory impairments arise because the information either is lost rapidly or is made inaccessible. Under this view, previously encountered information appears as though it had never been seen before (i.e., previously viewed information appears novel). However, recent work has led to an alternative and counterintuitive account of memory impairments following medial temporal lobe (MTL) damage (McTighe, Cowell, Winters, Bussey, & Saksida, 2010) . Under this view, damage to one MTL structurethe perirhinal cortex (PRC)-induces recognition memory impairments by causing novel objects to appear as though they had been previously encountered (Cowell, Bussey, & Saksida, 2006) . Here, we developed a new version of the classic object recognition memory paradigm that is capable of distinguishing between these two possibilities: the more traditional view that recognition memory impairments arise because previously viewed items appear novel versus an alternative view that memory impairments arise because novel items appear as though they were previously viewed.
In a traditional object recognition memory task, a participant views a study object (the study phase) and, after a delay, is shown the same previously viewed study object together with a perceptually distinct novel object (the test phase). Accurate object recognition is indicated by the selection of the previously viewed object over the novel object. When participants are unable to make an explicit response (e.g., when they are nonhuman animals or infants), recognition memory can be measured indirectly. In ro-dents, object recognition memory is often assessed with the spontaneous object recognition (SOR) task, which exploits the fact that rodents have a strong, inherent preference for exploring novel items over previously viewed items. In infants, the preferential looking task is an analogous paradigm. In the SOR or preferential looking tasks, exploration or viewing time serves as a proxy for judgment of novelty: Greater exploration of an object indicates greater perceived novelty (Ennaceur & Delacour, 1988) . Because the standard SOR procedure requires the novel and previously viewed objects to be simultaneously presented during the test phase, it is only possible to obtain a relative measure of novelty (i.e., whether one item is more novel than the other item). Thus, it cannot be determined whether object recognition impairments are due to the novel objects being perceived as though they were previously viewed or the previously viewed objects being perceived as though they are novel. To address this issue, a series of recent studies in rodents employed a modified version of the SOR task that decouples exploration of novel and previously viewed objects, thus allowing an absolute measure of novelty (Burke, Wallace, Nematollahi, Uprety, & Barnes, 2010; McTighe et al., 2010; Romberg et al., 2012) . In this modified SOR paradigm, as in the original SOR paradigm, rodents first explored two identical copies of a study object during the study phase. During the subsequent test phase of the modified SOR task, the rodents explored two identical copies of an object (either two novel objects or two previously viewed objects), rather than exploring one novel and one previously viewed object simultaneously as in the original SOR task. Thus, the exploration of the novel and previously viewed objects was measured in isolation. Across all of these studies, healthy control rodents explored novel objects more than the previously viewed objects in the test phase (demonstrating a normal pattern of object recognition). By contrast, three distinct groups of memory-impaired rodents-rats with PRC lesions (McTighe et al., 2010) , aged rats (Burke et al., 2010) , and tgCNDR8 mice (a common mouse model of Alzheimer's disease [AD]; Romberg et al., 2012 )-all explored the novel and previously viewed objects equally, demonstrating impaired object recognition. Paradoxically, this impairment was due to reduced exploration of the novel object (indicating false recognition of novel stimuli), rather than increased exploration of the previously viewed object (which would have indicated that the original information was lost or inaccessible). That is, the animals behaved as though they had seen the new objects before. Strikingly, performance in the memory-impaired rodents was recovered when visual interference during the delay period (between the study and test phases) was reduced by putting the animals in a dark environment. Thus, these studies revealed two very important findings: (a) object recognition memory impairments following PRC damage in rodents were due to false recognition of novel objects, and (b) this false recognition arose from an increased vulnerability to interference.
A new theoretical framework-the representational-hierarchical model-offers an account of these findings (Cowell et al., 2006; McTighe et al., 2010) . Like many other models of visual object processing, this framework assumes that each successive region of the ventral visual stream supports increasingly complex stimulus representations, comprising conjunctions of simpler representations coded for in earlier (upstream) ventral visual stream areas (Desimone, Schein, Moran, & Ungerleider, 1985; Hubel & Wiesel, 1962 , 1965 Riesenhuber & Poggio, 1999) . The representational-hierarchical account posits that the ventral visual stream continues into MTL, such that simple visual features of an object are represented individually in early posterior regions, whereas a fully specified, conjunctive representation of the whole object is found in MTL. In this regard, it differs from traditional models of MTL function, which emphasize the MTL's role as a dedicated declarative memory system, separate from a perceptual system located elsewhere in the brain (e.g., Squire & Wixted, 2011) . In comparison, the representational-hierarchical account does not appeal to the notion of separate systems supporting memory and perception but instead focuses on the different levels of representations maintained by different brain regions. Under this view, there is no need to consider separate systems for memory and perception, because apparently distinct mnemonic and perceptual functions may arise from common computational mechanisms operating on different points within a shared representational hierarchy.
Computational simulations of the representational-hierarchical account provided an explanation for why conjunctive object-level representations are particularly critical for object recognition memory (Cowell et al., 2006 ). In the model, objects are composed of a limited set of visual features. Although many possible objects can be defined by unique conjunctions of those features, objects tend to share low-level features (e.g., a tennis ball and a lemon are both round and yellow). During the delay between the study and test phases of a memory task, participants are assumed to experience visual input in the form of exposure to a stream of unique objects. This visual input causes interference at the feature level, simply because individual visual features tend to repeat across different objects in the stream. Under normal circumstances, unique conjunctive representations of objects in the MTL can resolve this feature-level interference, because the exact conjunction defining the novel object presented in the test phase is extremely unlikely to have been seen during the delay (i.e., an object's conjunctive representation remains novel). However, when these conjunctive object representations are impoverished (e.g., due to damage to MTL), participants must rely on simple feature representations in the intact posterior regions to make perceptual/mnemonic judgments. When novel objects share many features with previously viewed objects, they can appear as though they have been studied previously, because, at the feature level, the objects are indeed familiar. However, if feature-level interference is reduced-for instance, by minimizing visual input during the delay (McTighe et al., 2010) or by minimizing the similarity of interfering stimulus material to the test objects (Bartko, Cowell, Winters, Bussey, & Saksida, 2010 )-simple feature representations are sufficient to recognize the novel object, and impairments following MTL brain damage are not observed.
Recent experiments in humans provide further support for this theoretical position. In a visual discrimination task involving perceptually similar objects with overlapping features (Barense, Groen, et al., 2012) , participants with MTL damage were initially able to perform the task, but their performance deteriorated as they repeatedly viewed items with similar, overlapping features (i.e., when feature-level interference grew). Crucially, their performance recovered when feature-level interference was reduced by replacing the perceptually similar objects with stimuli that did not share features with other tested items. Similar findings were reThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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ported in participants with mild cognitive impairment (MCI; a putative transitional state between normal aging and AD; Petersen et al., 1999) and those at-risk for MCI (Newsome, Duarte, & Barense, 2012) . These studies established that feature-level interference can impair visual discrimination performance. They did not, however, investigate whether the feature-level interference led to false recognition of novel stimuli (such that all stimuli are indistinguishable because they all appear previously viewed) or to forgetting of previously viewed stimuli (such that all stimuli are indistinguishable because they all appear novel).
In the present study, we investigated whether memory-impaired humans would, under conditions of high visual interference, also treat novel stimuli as though they had been previously viewed (as do PRC-lesioned rodents). Adapting the modified SOR paradigm for human participants, we presented young adults, healthy older adults, and older adults at risk for MCI with images of single real-world objects with varying levels of feature-level interference in an incidental viewing paradigm. We manipulated feature-level interference by varying the number of features novel objects shared with the studied objects. High-interference novel objects contained many features that had been previously viewed as part of a studied item. Analogous to the reduced-interference condition in the rodent studies, low-interference novel objects that shared fewer features with studied items were also included. We tracked participants' eye movements as they viewed these stimuli to provide a measure of novelty detection. Just as animals express a novelty preference by directing more exploration toward new objects, humans show an increase in visual sampling (i.e., more fixations) for individual novel stimuli than old stimuli (Althoff & Cohen, 1999; Heisz & Ryan, 2011; J. D. Ryan, Althoff, Whitlow, & Cohen, 2000; J. D. Ryan, Leung, Turk-Browne, & Hasher, 2007) . Critically, the use of eyetracking obviated the need for participants to make explicit novelty judgments and provided a relatively pure index of memory uninfluenced by memory-related decision processes, response biases and strategies, and stereotype threat in older adults (Hannula, Baym, Warren, & Cohen, 2012) . That is, explicit recognition responses reflect only the output of cognitive processing, whereas eyetracking reveals the nature of the cognitive processing itself. This design allowed us to disentangle whether abnormal novelty preferences arose because novel objects were treated as though they were previously viewed (consistent with the representational-hierarchical framework) or whether previously viewed objects were treated as though they were novel (because the memory trace had been lost rapidly or made inaccessible).
Method Participants
Thirteen young adult participants (12 women, 1 man, M age ϭ 20.9 years, age range ϭ 19 -25 years, M education ϭ 15 years, education range ϭ 13-19 years) and 33 older adult participants (27 women, 6 men, M age ϭ 72.3 years, age range ϭ 65-80 years, M education ϭ 15.2 years, education range ϭ 11-20 years) were recruited from the University of Toronto community. The Montreal Cognitive Assessment Test (MoCA; Nasreddine et al., 2005) , a brief neuropsychological screening test shown to be highly sensitive in detecting MCI (Markwick, Zamboni, & De Jager, 2012; Nasreddine et al., 2005) , was administered to the older adult participants, who were categorized as either healthy (scored 26 or above, M score ϭ 27.9, score range ϭ 26 -30), or at-risk for MCI (scored 24 or below, M score ϭ 22.6, score range ϭ 20 -24). The healthy older adult group included 16 participants (13 women, 3 men, M age ϭ 72.3 years, age range ϭ 66 -79 years, M education ϭ 14.7 years, education range ϭ 11-20 years), and the at-risk older adult group included 11 participants (8 women, 3 men, M age ϭ 73.8 years, age range ϭ 65-80 years, M education ϭ 15.7 years, education range ϭ 13-19 years). There was no significant difference between the two older adult groups in age, t (25) (Nasreddine et al., 2005) ; a threshold of 24 or below was shown to have better predictive value for clinical purposes (Damian et al., 2011) .
All participants were fluent English speakers (learned English before the age of 8); had normal or corrected-to-normal vision; and were screened for color blindness, neurological disorders, or brain damage (from stroke or trauma). All participants were informed about the nature of the experiment and its risks and gave written informed consent. This research received ethical approval from the Research Ethics Board of the University of Toronto. Young adults received $10/hour for their participation, and older adults received $16/hour, as per standard procedures at the University of Toronto.
Neuropsychological Battery
In a follow-up session (2-7 months after the initial session), both groups of older adult participants received a battery of neuropsychological tests to better characterize possible cognitive impairments in the two groups. Two participants (one healthy, one at-risk) were unable to participate in the neuropsychological testing. The battery consisted of the Logical Memory subtest from the Wechsler Memory Scale (4th ed.; Wechsler, 2009) , Trails A and B (Reitan & Wolfson, 1985) , the Digit Span subtest from the Wechsler Adult Intelligence Scale (4th ed.; Wechsler, 2008) , the Rey-Osterrieth Complex Figure Test (Osterrieth, 1944) , the Weschler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) , and the Visual Object and Space Perception battery (VOSP; Warrington & James, 1991).
Stimuli and Equipment
This study used 128 photographs of individual, common, realworld objects, belonging to 12 semantic categories (socks, coffee mugs, high-heeled shoes, desk lamps, sofas, electric guitars, handbags, diamond rings, teapots, umbrellas, throw pillows, and scarves). Within each category, half of the objects served as study objects. The other half were divided evenly between highinterference (HI) foils, which were perceptually similar to a specific study item in the same category, and low-interference (LI) foils, which were not perceptually similar to any specific study image in the same category (see Figure 1) . Thus, HI foils had higher feature overlap with particular study objects than did LI foils. A group of 52 additional young participants who did not participate in the eyetracking study were asked to rate (on a scale of 1-7, with 7 being most similar) the perceptual similarity of each This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. All images were presented singly on a gray background. The task was run on a Dell Latitude laptop and was presented on a connected 21.2-in. (36 ϫ 30 cm) monitor at a resolution of 1024 ϫ 768 pixels using Experiment Builder (SR Research, Mississauga, Ontario, Canada). Eyetracking measures were recorded with an Eyelink 1000 desktop-mounted eyetracker (SR Research, Mississauga, Ontario, Canada), sampling at a rate of 1000 Hz with a spatial resolution of 0.01°and accuracy of 0.25°. Participants were positioned 55 cm away from the monitor, with their heads placed on a chin rest to limit head motion. Nine-point calibration was performed prior to testing and was repeated until the average gaze error was less than 1°, with no point having a gaze error exceeding 1.5°.
Eyetracking Task
Participants passively viewed 144 images of individual realworld objects, presented for 5 s each, while their eye movements were recorded. As a means of encouraging participants to actively attend to the objects, their position was jittered around the screen with the center of the image being displaced up to 192 pixels horizontally (in either direction) and 64 pixels vertically (in either direction) from the center of the screen. The entire image was always completely visible despite this displacement. Prior to each trial, drift correction was performed, with 9-point calibration being repeated if drift error exceeded 2°. In order to maintain a steady level of participant attentiveness across the entire study, we instructed participants to press a button in response to a distractor stimulus (a simple black square). These black square stimuli were presented alone and were interspersed throughout the experiment, appearing 30 times (approximately once for every five objects). Unlike the other stimuli, which appeared for a fixed length of time, the black square stimuli remained on the screen until participants made their response. Participants were instructed to look at but not respond to all other objects. They did not receive any explicit instructions to remember any objects. Prior to beginning the task, participants viewed 132 unrelated stimuli for a different study.
The objects were presented in six blocks, with each block contained objects from only one semantic category. Previous studies have shown that conceptual and perceptual false recognition may be mediated by different systems (Garoff-Eaton, Kensinger, & Schacter, 2007) . Thus, by comparing only items within the same semantic category, this design limited the effects of conceptual false recognition and focused on perceptual false recognition. Each block contained a study phase, followed by a test phase, but participants were unaware of (and were not informed about) this distinction because all objects were presented continuously. During the study phase, 4, 6 or 8 unique items were presented three times each, with every item being presented once before any items were repeated (see Figure 1 ). Prior work-Althoff (1998) as cited by J. D. Ryan et al. (2000) -has shown reliable novelty differ- Figure 1 . A sample block. Participants viewed each stimulus incidentally for 5 s while monitoring for an unrelated target stimulus (a black square). The stimuli were organized into blocks of objects that belonged to the same semantic category (e.g., teapots). Earlier items in the block served as "study" items. Each study item was repeated three times. The first viewing of each study item was used as a baseline to which the viewing of subsequent objects was compared. Later items in the block served as an indirect "test" phase, where participants were shown one of the following: (a) previously viewed items that had first been shown in the study phase; (b) high-interference (HI) novel items, which were perceptually similar to (and shared many features with) particular study items; or (c) low-interference (LI) novel items, which were not perceptually similar to (and did not share many features with) any particular study item. Because stimuli were presented one at a time, in a continual stream, participants were not aware of any distinction between the study and test phases. Note that in the actual study, all blocks had four, six, or eight unique study objects instead of the two displayed here. Participants completed six different blocks in this study. This document is copyrighted by the American Psychological Association or one of its allied publishers.
ences in eye movement measures using the same number and duration of exposures as employed here. During the test phase, three types of objects were presented: (a) previously viewed objects, which were identical to objects previously presented in the study phase of the same block; (b) HI novel objects, which were perceptually similar to (and shared many features with) specific study objects; and (c) LI novel objects, which were perceptually dissimilar to any specific study image (see Figure 1 ). All three types of test objects were interspersed during the test phase. The number of objects in each specific test condition was equal to half the number of unique study objects in that block. For example, in a block with four unique study objects, the test phase contained two previously viewed objects, two HI novel objects, and two LI novel objects. Similarly, blocks with six unique study objects contained three objects in each test condition, and blocks with eight unique study objects contained four objects in each test condition. Because there was no significant interaction (in terms of number of fixations made) between block length and test condition, F(4, 144) ϭ 1.50, p ϭ .20, p 2 ϭ .04; nor between block length and participant group, F(4, 72) ϭ 1.84, p ϭ .13, p 2 ϭ .09; our analysis collapsed across block length.
There were two counterbalanced versions of this task. In each version, six different categories of objects were shown in order to minimize the possibility that any effects observed were caused by the selection of particular categories of objects used. The order of the blocks was pseudo-randomized, as was the order of the individual objects. Among each age group (young adult and older adult), half of the participants received one version of the task and the other half received the other version. There were no significant differences in the number of fixations made to the two versions: A repeated-measures analysis of variance (ANOVA) showed no main effect of version, F(1, 34) ϭ 0.70, p ϭ .41, p 2 ϭ .02; no interaction of version with participant group, F(2, 34) ϭ 1.18, p ϭ .32, p 2 ϭ .07; and no interaction between version and test condition, F(2, 68) ϭ 2.77, p ϭ .07, p 2 ϭ .07. Accordingly, all analyses collapsed across the two counterbalanced versions of the task.
Eyetracking Task Analysis
Participants' eye movements were tracked while they completed the task, and the number of fixations per object was computed with DataViewer (SR Research, Mississauga, Ontario, Canada). The number of fixations measure has consistently been used as a robust indicator of single item memory (see Hannula et al., 2010, for review) . Other eye movement measures were not considered here, because they would be either redundant with the number of fixations measure (e.g., number of saccades, average fixation duration) or uninformative due to the presentation of single (rather than multiple) objects within a given trial paired with a fixed viewing time per trial (e.g., duration of viewing). Fixations were defined as the absence of any blinks or saccades (defined as an eye movement of at least 0.1°, with velocity Ն 30°/s, and acceleration Ն 8000°/ s 2 ). A region of interest was drawn to include the entirety of each object, with an additional 15-pixel margin in all directions; all fixations outside this region of interest were ignored for the purposes of this analysis. The average number of fixations per object for each of the three test conditions (previously viewed, HI novel, LI novel) was computed for each participant. Additionally, the average number of fixations per object was computed for the first viewing of each image in the study phase. Because all images were novel to participants when first viewed in the study phase, the average number of fixations directed to these images served as a baseline level of novelty (henceforth referred to as the baseline study condition).
Following the example of previous studies in rodents (Burke et al., 2010; McTighe et al., 2010; Romberg et al., 2012 ), a test:study ratio for each test condition was computed by normalizing the average number of fixations made to objects in that test condition to the average number of fixations made to the baseline study condition. Using test:study ratios for each participant instead of the raw number of fixations meant that each participant was equally weighted in the group average, instead of biasing results toward participants who made more fixations overall. A test:study ratio not significantly different from 1 meant that participants made a similar number of fixations to objects in a test condition as they did to objects in the baseline study condition, indicating that objects in that test condition were perceived to be novel. By contrast, a test:study ratio significantly less than 1 meant that participants made a reduced number of fixations to objects in a test condition compared to objects in the baseline study condition, indicating that the objects in that test condition were perceived to be less novel.
Our primary analyses were designed to answer three key questions:
1. Across participant groups, were there differences in perceived novelty in any particular test condition?
2. How did perceived novelty for each test condition differ from the other test conditions, in each participant group?
3. For each participant group, were objects in each of the three test conditions perceived to be as novel or less novel than objects in the baseline study condition?
Because all predictions were directional, all statistical tests were one-tailed.
Results

Neuropsychological Battery
Results of the Neuropsychological Battery are shown in Table 1 . In brief, these indicated that, consistent with well-documented episodic memory impairments early in the course of AD and MCI (Hodges, 2000; Petersen et al., 1999) , the at-risk older adult group performed in the borderline to low average range relative to established norms on the immediate recall condition of the Logical Memory test and the delayed recall of the Rey Complex Figure  Test . Additionally, when we compared their performance to that of the healthy older adult group we found significant differences on all three subtests of the Logical Memory test and the memory component of the MoCA.
The at-risk group showed comparatively intact performance in other cognitive domains. Visual perception-as assessed by copy of the Rey figure and the VOSP-was unimpaired. Despite differences in performance between the healthy and at-risk older adult groups in the Rey copy, both groups scored within the normal range for their age. One important exception to these results was This document is copyrighted by the American Psychological Association or one of its allied publishers.
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found in the silhouettes subtest of the VOSP, in which the at-risk group was impaired. This result matches previously reported impairments on this subtest in patients with MCI (Nordlund et al., 2005) and AD (Binetti et al., 1996) . Although we observed significantly lower performance in the at-risk group relative to the healthy older adults on tests of semantic memory (Verbal IQ as assessed by the WASI), performance in the at-risk group fell within the normal range relative to established norms. On measures of executive function, there were no significant differences between the two older adult groups, and the performance of both groups were normal relative to established norms. In summary, the at-risk group showed particular difficulties with episodic memory but normal performance (relative to population-based norms) on other cognitive faculties.
Eyetracking Task Results
The test:study ratios for each test condition in each participant group are shown in Figure 2 . The raw (unnormalized) average number of fixations in the stimulus conditions that were used to calculate these test:study ratios are shown in Figure 3A . Our specific hypothesis was that we would not observe differences across groups for previously viewed and LI novel objects, but that we should see a difference across groups for HI novel objects (in the form of reduced fixations to HI novel objects in the at-risk group). To compare differences across groups, we first examined the test:study ratios using a 3 ϫ 3 repeated-measures ANOVA with a within-subject factor of test condition (previously viewed, HI novel, LI novel) and a between-subject factor of participant group (young adults, healthy older adults, at-risk older adults). This revealed a main effect of test condition, F(2, 74) ϭ 30.68, p Ͻ .001, p 2 ϭ .45; no main effect of participant group, F(2, 37) ϭ 1.27, p ϭ .16, p 2 ϭ .09; and a marginally significant test condition ϫ participant group interaction, F(4, 74) ϭ 1.75, p ϭ .07, p 2 ϭ .09. However, the fact that this interaction was only marginally significant is not surprising, given that we expected only one of the three conditions (HI novel objects) to reveal a difference between groups. In addition, we had a strong a priori reasons for the prediction that the HI novel objects-which had the largest amount of feature overlap with study objectswould produce the largest group differences (driven by at-risk adults making fewer fixations relative to other groups), whereas the previously viewed objects would produce the smallest differences between groups. We therefore compared these two extreme conditions in a 2 ϫ 3 repeated-measures ANOVA with a within-subject factor of condition (previously viewed, HI novel) and a between-subject factor of participant group (young adults, healthy older adults, at-risk adults). Again, we observed a main effect of test condition, F(1, 37) ϭ 33.10, p Ͻ .001, p 2 ϭ .47, and no main effect of participant group, F(2, 37) ϭ 0.77, p ϭ .47, p 2 ϭ .04. As we predicted, however, there was a significant test condition ϫ participant group interaction, F(2, 37) ϭ 4.37, p ϭ .01, p 2 ϭ .19. On the basis of the marginally significant 3 ϫ 3 interaction and the highly significant 2 ϫ 3 interaction, we investigated these effects further in the analyses reported below. Test:study ratio of fixations in each of the three test conditions (previously viewed, high-interference novel, low-interference novel) for each of the three participant groups. Significant differences between the high-interference test condition and the other test conditions are shown with brackets; those between each test condition and the baseline study condition are shown by an asterisk above each bar. Because this graph is normalized to study, a ratio of 1 meant participants made the same proportion of fixations to that test condition as they did to baseline study objects (i.e., those test objects were perceived to be novel). A lower test:study ratio indicates a lower degree of perceived novelty for objects in a test condition. Error bars reflect standard error of the mean.
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Across Participant Groups, Were There Differences in Perceived Novelty in Any Particular Test Condition?
To investigate whether novelty responses differed between participant groups for each test condition, we conducted univariate ANOVAs on the study:test ratios for each test condition, using participant group (young adults, healthy older adults, at-risk older adults) as a between-subjects factor. These tests revealed no significant differences between the three participant groups for previously viewed objects, F(2, 37) ϭ 0.14, p ϭ .44, p 2 ϭ .008, and no significant differences between the three participant groups for LI novel objects, F(2, 37) ϭ 1.63, p ϭ .11, p 2 ϭ .08. However, there were significant differences among the participant groups for HI novel objects, F(2, 37) ϭ 3.17, p ϭ .03, p 2 ϭ .15. Independent-samples t tests on the HI novel object data showed that the at-risk older adults had a significantly lower test:study ratio than did both healthy older adults, t(25) ϭ 1.79, p ϭ .04, d ϭ 0.73, and young adults, t(22) ϭ 2.35, p ϭ .01, d ϭ 1.01. There was no such difference between healthy older adults and young adults, t(27) ϭ 0.77, p ϭ .22, d ϭ 0.30. Together, these results suggest that the at-risk older adults viewed the HI novel objects as being less novel than the young adults and the healthy older adults, but that there were no significant differences in novelty detection between the latter two groups.
How Did Perceived Novelty for Each Test Condition Differ From the Other Test Conditions, in Each Participant Group?
To investigate whether novelty responses for each test condition differed within participant groups, we conducted univariate ANOVAs with a within-subject factor of test condition (previously viewed, HI novel, LI novel) on the study:test ratios for each participant group separately. These tests revealed significant differences between the three test conditions for each of the three participant groups: younger adults, F(2, 24) ϭ 11. For young adults and healthy older adults, paired-samples t tests showed that the test:study ratios for HI novel objects were significantly greater than the test:study ratio for previously viewed objects: young adults, t(12) ϭ 5.65, p Ͻ .001, d ϭ 1.61; healthy older adults, t(15) ϭ 3.54, p ϭ .001, d ϭ 0.84. This result demonstrated the intact novelty preference of young adults and healthy older adults for HI novel objects when compared to previously viewed objects. For the at-risk older adults, however, there was no significant difference between the test:study ratios for HI novel objects and previously viewed objects, t(10) ϭ 1.07, p ϭ .15, d ϭ 0.21. This result demonstrated the impaired novelty preference of at-risk adults for HI novel objects relative to previously viewed objects.
Comparisons between LI and HI novel objects indicated that young adults did not differ in their test:study ratios across these conditions, t(12) ϭ 1.18, p ϭ .13, d ϭ 0.58. In contrast, for both the healthy and at-risk older adults, the test:study ratio for HI novel objects was significantly less than the test:study ratio for the LI novel objects: healthy older adults, t(15) ϭ 2.24, p ϭ .02, d ϭ 0.42; at-risk older adults, t(10) ϭ 2.69, p ϭ .01, d ϭ 0.87. This suggests that both healthy and at-risk older adults viewed the HI novel objects as less novel than the LI novel objects.
For all three participant groups, paired-samples t tests showed that the test:study ratios for LI novel objects were significantly greater than the test:study ratio for previously viewed objects: young adults, t(12) ϭ 4.14, p Ͻ .001, d ϭ 1.96; healthy older adults, t(15) ϭ 5.11, p Ͻ .001, d ϭ 1.25; at-risk older adults, t(10) ϭ 3.20, p ϭ .004, d ϭ 1.00. This suggests that all three participant groups had intact novelty preference for LI novel objects relative to previously viewed objects. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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For Each Participant Group, Were Objects in Each of the Three Test Conditions Perceived to Be as Novel or Less Novel Than Objects in the Baseline Study Condition?
We next asked how novelty preference in each of the three test conditions compared against the baseline study condition for each of the three participant groups. To this end, one-sample t tests were conducted to determine whether the test:study ratio for each test condition was significantly less than 1 (i.e., whether the number of fixations in each test condition was significantly less than in the baseline study condition) and thus indicated that objects in that condition were treated as being less novel than the objects in the baseline study condition.
One-sample t tests indicated that the test:study ratio for previously viewed objects was significantly less than 1 for all groups; that is, fewer fixations were directed toward the previously viewed objects than to the baseline study objects: young adults, t(12) ϭ 6.16, p Ͻ .001, d ϭ 9.07; healthy older adults, t(15) ϭ 4.34, p Ͻ .001, d ϭ 1.58; at-risk older adults, t(10) ϭ 3.26, p ϭ .004, d ϭ 1.46. Thus, eye movements demonstrated that all three participant groups showed an intact reduction in novelty preference to previously viewed objects. These results are consistent with the findings of previous eyetracking studies (Althoff & Cohen, 1999; Heisz & Ryan, 2011; J. D. Ryan et al., 2007) .
One-sample t tests also indicated that the test:study ratio for LI novel objects did not differ from 1 for all three groups: young adults, t (12) For HI novel objects, the test:study ratio in young adults was not significantly less than 1, t(12) ϭ 0.64, p ϭ .27, d ϭ 0.94, thus showing a normal pattern of novelty detection. By contrast, the test:study ratio for HI novel objects in both healthy older and at-risk adults was significantly less than 1: healthy older adults, t(15) ϭ 1.79, p ϭ .05, d ϭ 0.65; at-risk older adults, t(10) ϭ 3.20, p ϭ .004, d ϭ 1.43. This result demonstrates impairments in novelty detection for HI novel objects in both older adult groups.
Summary of Results
Taken together, these findings indicate that the at-risk older adults, compared to healthy older adults and young adults, were impaired in their ability to perceive novelty accurately for HI but not LI novel objects. This impairment arose because they falsely recognized the HI novel objects as having been previously viewed. These findings show remarkable convergence with previous findings in rodents, in which PRC-lesioned, AD-model, and aged rodents also treated novel objects as though they were previously viewed under high-interference conditions (Burke et al., 2010; McTighe et al., 2010; Romberg et al., 2012) .
It is important to note that these results cannot be explained by a global reduction in motivation, fatigue, or a general deficit in novelty processing. Both our at-risk participants and our healthy older adults accurately perceived the novelty of the LI novel objects (i.e., the test:study ratio did not differ from 1). Similarly, it was not the case that these groups merely made fewer fixations overall. Although the differences in the total number of fixations were not significant (i.e., there was no significant main effect of group), F(2, 37) ϭ 0.47, p ϭ .63, p 2 ϭ .03, at-risk older adults made numerically more fixations (M ϭ 13.899, SD ϭ 2.083) than did healthy older adults (M ϭ 13.526, SD ϭ 2.623) or young adults (M ϭ 13.048, SD ϭ 2.157; see Figure 3B ).
Effects of MoCA Score vs. Age
To explore the relative contribution of MoCA score (as a proxy for overall cognitive decline) and age to the impaired novelty detection ability for HI novel stimuli, we collapsed across both our older adult groups and performed multiple regression analysis. Together, MoCA and age accounted for 22.5% of the variance, R 2 ϭ .225, F(2, 24) ϭ 3.493, p ϭ .047. More important, MoCA score was a significant predictor of novelty detection for HI novel stimuli (␤ ϭ .474, p ϭ .018, semi-partial r 2 ϭ .21), but age was not (␤ ϭ .254, p ϭ .186, semi-partial r 2 ϭ .06). These results indicate that cognitive decline was associated with impaired novelty detection for HI novel objects, but age alone was not. In contrast, multiple regression showed that MoCA and age together did not account for variance in performance on the previously viewed stimuli, R 2 ϭ .043, F(2, 24) ϭ 0.540, p ϭ .590, or the LI novel stimuli, R 2 ϭ .012, F(2, 24) ϭ 0.144, p ϭ .867.
Discussion
Here, we report findings from a new object recognition memory paradigm that allowed us to distinguish whether object recognition memory impairments were driven by previously viewed objects being treated as if they were novel or by novel objects falsely recognized as having been previously viewed. We manipulated the degree of perceptual interference across images of real-world objects and investigated the effect on perceived novelty (as measured by the number of fixations directed to each object). We found that older adults at-risk for MCI directed fewer fixations to high-interference (HI) novel objects (which shared more features with studied items) than to novel objects in the baseline study condition, and that the number of fixations directed to HI novel objects was comparable to those directed to previously viewed objects. However, they directed a similar number of fixations to low-interference (LI) novel objects (which shared fewer features with studied items) as they did to the baseline study condition. Together, these results suggest that the at-risk older adults treated the HI novel objects as though they were previously viewed, but they were able to correctly identify the LI novel objects as being novel. These findings provide the paradoxical suggestion that the abnormal eye movements observed in the adults at risk for memory impairment were not characterized by forgetting but rather by the failure to differentiate between objects with a large number of overlapping features, leading to the false recognition of novel objects as having been previously viewed.
The false recognition for HI novel objects observed in the at-risk older adults was also present to a lesser extent in the healthy older adults. Healthy older adults also directed significantly fewer fixations to HI novel objects than to either LI novel objects or the baseline study objects, indicating a reduced novelty preference for the HI novel objects but preserved novelty preference for LI novel objects. However, the healthy older adults still directed a greater This document is copyrighted by the American Psychological Association or one of its allied publishers.
9 FALSE RECOGNITION number of fixations to the HI novel objects compared to the previously viewed objects, indicating that, to some extent, novelty preference for the HI novel objects was still intact. There have been a number of studies that reported age-related impairments in distinguishing between similar and/or overlapping stimuli (i.e., pattern separation); for instance, Burke and colleagues found that aged rats falsely recognized novel objects as having been previously viewed (Burke et al., 2010) and that aged monkeys took significantly more trials to learn a two-choice object discrimination task when the feature overlap between the two objects was very high but not when the feature overlap was lower (Burke et al., 2011) . Similar results have been reported in human studies with healthy older adults. Older adults were impaired on an object discrimination task involving objects with many overlapping features (L. Ryan et al., 2012) , and they were more likely to false alarm to perceptually similar lure objects on an explicit, continuous recognition memory paradigm (Toner, Pirogovsky, Kirwan, & Gilbert, 2009 ). In the current study, a multiple regression analysis was conducted to tease apart whether the observed pattern of false recognition was driven by overall cognitive decline (possibly related to AD pathology) or by age alone. MoCA scores were a significant predictor of novelty preference for the HI items, but age was not. This suggests that the false recognition of HI novel objects is associated with cognitive decline, above and beyond the effects of age alone. It is possible that previous reports of agerelated pattern separation deficits could have been driven by some degree of undetected cognitive decline in the older participants. The pattern of results observed in the two older adult groupsfalse recognition for HI novel objects but preserved novelty detection for LI novel objects-can be explained by the representational-hierarchical account described in the introduction (Cowell et al., 2006; McTighe et al., 2010; . In brief, this model proposes that when an object is viewed, multiple representations of this object are activated throughout the entire ventral visual stream, with different representations occurring at different stages of the pathway. An object's low-level features are represented in early posterior regions, whereas conjunctions of features are represented in more anterior regions, with the most complex feature conjunctions-perhaps at the level of the whole object-being represented in the MTL. In the intact brain, these distinct object-level representations provide an unambiguous novelty signal that overrides familiarity signals from posterior feature-level representations (Barense, Ngo, Hung, & Peterson, 2012; Peterson, Cacciamani, Barense, & Scalf, 2012) . However, when object-level representations are impoverished (as they are to differing extents in our older adult groups), novelty judgments are driven by familiarity signals at the feature level. Under highinterference conditions, these features repeat often across different objects. Although each object is novel and each trial is unique, the object's features overlap with those from other trials. Thus, in the absence of the object-level familiarity signal to override the featurelevel familiarity signal, HI novel objects appear as though they have been seen before. However, under low-interference conditions, features do not often repeat across studied and test objects, and the feature-level representation is sufficient for accurate recognition.
The false recognition of novel objects as previously viewed under high-interference conditions has previously been reported in three memory-impaired rodent populations: rats with PRC lesions (McTighe et al., 2010) , aged rats (Burke et al., 2010) , and tgCNDR8 mice (Romberg et al., 2012 ; although see Albasser et al., 2011) . Here, in a novel adaptation of the SOR paradigm, we provide the first demonstration that these findings extend to humans with memory impairment. Further, the present study improves on the rodent paradigm in one significant way. Although prior studies merely contrasted the presence and absence of visual interference, the current study systematically varied the degree of visual interference (in terms of overlapping features) and demonstrated that object novelty detection was impaired in our at-risk group when feature-level interference was high but was normal when the degree of feature-level interference was lower. This systematic control over the degree of overlapping features provides strong support for the idea that false recognition occurs only when impoverished object-level representations are overwhelmed and does not occur when novelty judgments can be made using feature-level information.
We note that the two methods by which memory impairments may arise-treating novel objects as previously viewed versus treating previously viewed objects as novel-are not mutually exclusive. Indeed, previous studies have reported both effects simultaneously in the form of increased false alarms and decreased hits (e.g., Ally, Gold, & Budson, 2009; Beth, Budson, Waring, & Ally, 2009; Gallo, Chen, Wiseman, Schacter, & Budson, 2007; Gallo, Sullivan, Daffner, Schacter, & Budson, 2004; Pierce, Sullivan, Schacter, & Budson, 2005; Waring, Chong, Wolk, & Budson, 2008) . However, if they were observed simultaneously in a memory task such as ours, any account would require two separate mechanisms operating side by side. An observation of the previously viewed objects appear novel phenomenon would require either a trace decay mechanism, in which familiarity information stored in neural circuits is lost or degraded, or a memory-loss interference mechanism (e.g., catastrophic interference), in which familiarity information for previously learned items is either overwritten (unlearned) or made inaccessible through competition. On the other hand, an explanation of the observation that novel objects appear previously viewed requires a mechanism very different from either trace decay or memory-loss interference. This mechanism must allow irrelevant feature-level familiarity information (e.g., the features of nontarget objects) to be acquired, rather than cause relevant object-level familiarity information to be eroded or overwritten. This sort of irrelevant memory-gain interference, as opposed to relevant memory-loss interference, is the kind proposed by the representational-hierarchical account. However, in our data, there is no evidence that previously viewed items appear novel for both groups of older adult participants (see Figures 2 and  3A) ; rather, we see only evidence that novel items appear previously viewed in this paradigm. In addition, the representationalhierarchical account can explain these findings parsimoniously using only an irrelevant memory-gain mechanism; the model does not invoke trace decay, and indeed such a mechanism is not required to account for the data.
There is a long and rich body of work demonstrating that patients with AD and MCI express false memories for items they never saw. Much of this work has focused on decision processes related to memory, suggesting that false memories may be the result of impaired retrieval-based monitoring (e.g., Abe et al., 2011; Gallo et al., 2004) , an inappropriate liberal response bias (e.g., Beth et al., 2009; This document is copyrighted by the American Psychological Association or one of its allied publishers.
2000; Budson et al., 2003; Deason, Hussey, Budson, & Ally, 2012) , and impaired metamemory (e.g., Gallo, Cramer, Wong, & Bennett, 2012) . For example, Budson et al. (2000) have shown that upon repeated presentations of a word list in the Deese-RoedigerMcDermott paradigm, AD patients showed increased false recognition for lures related to the studied words as the number of trials increased. Unlike these studies, which used explicit responses to measure recognition, the present study employed an indirect object recognition task, allowing us to largely minimize the effects of memory-related decision processes and response bias. Our findings provide compelling evidence that the false recognition effect in memory-impaired populations cannot solely be attributed to either of these causes but rather also stem from more fundamental differences in perceptual processing. That is, by using an indirect eyetracking measure, we were able to demonstrate that there were underlying differences in how the individuals with memory impairment were seeing the stimuli. Some studies examining perceptual gist-based memory (i.e., memory for general thematic content that lacks item-specific details; e.g., Brainerd & Reyna, 2002; Gutchess & Schacter, 2012; Koutstaal & Schacter, 1997) in AD appear to conflict with the present results. For example, Budson and colleagues systematically manipulated the visual similarity of distractor items to studied items and examined the effect on false alarm rate (i.e., erroneously indicating that a novel item had been seen before; Budson, Desikan, Daffner, & Schacter, 2001; Budson et al., 2003) . When a baseline correction was applied to false alarm rates that involved subtracting out the false alarm rate to unrelated lures (items analogous to our LI objects), AD patients showed lower levels of false alarms to novel, perceptually related objects. These results were interpreted as reflecting impairments in gist memory: That is, the patients failed to encode and/or recall the gist, which led to lower levels of false alarms when lures and studied items were perceptually similar. However, it is possible to reconcile the results of the present study with these previous experiments by eschewing the baseline correction. In the present study, we did not perform the baseline correction, because it would have removed from the data some component of the predicted effect that the study was designed to test. In particular, the representational-hierarchical account predicts that, because all visual objects to some extent share low-level features, all items will tend to appear familiar to some degree to individuals with MTL damage. The extent to which each item appears familiar depends on how many features it shares with previously studied items (i.e., the degree of feature-level interference). Even the LI objects used in the current study share features with study objects (e.g., the LI teapots in Figure 1 have handles and spouts, like the study teapots), which induces a familiarity signal. The baseline correction would subtract this signal from reported levels of false recognition and thus could underestimate the magnitude of the effect. Of course, the greater number of shared features (i.e., the greater the degree of feature-level interference), the greater the perceived familiarity (as we observed here for HI vs. LI objects), but these differences are relative rather than absolute. Consistent with the notion that the baseline correction could alter the pattern of results, the uncorrected false alarm rates (i.e., without baseline correction) observed in previous studies were actually higher in AD patients under conditions of greater feature-level interference (Budson & Desikan, 2001; Budson et al., 2003; Pierce et al., 2005) , which is entirely consistent with the findings of the present study.
Although the representational-hierarchical account is not in accord with the idea that impaired gist memory is responsible for the present findings, it is largely in agreement with the account that there is increased reliance on gist memory when item-specific memory is impaired (Budson et al., 2000 (Budson et al., , 2003 Gallo et al., 2004) . In both the representational-hierarchical account and the "increased reliance on gist memory" account, false recognition arises when there is feature-level interference, because memory judgments for specific items depend on non-item-specific representations (either a set of feature representations or a gist representation) built up over a number of trials. It is possible that feature representations and gist representations are coterminous, which would suggest that these two accounts are simply different ways of expressing the same idea, instead of being distinctly independent theoretical models. What is appealing about the representationalhierarchical interpretation, however, is that it makes more specific and precise predictions based on easily observable shared numbers of features, rather than appealing to a somewhat vaguer notion of general thematic content.
Although we prefer to explain our results in terms of impoverished object-level representations, one could argue that the present findings are the result of reduced precision during encoding of feature-level representations. Under this interpretation, false recognition would increase when feature-level interference is high, because feature representations have become less specific and more broadly tuned (see Zhang & Luck, 2008) . That is, feature representations are activated not only by a specific feature (e.g., the specific black lid on the leftmost study teapot in Figure 1 ) but also by other similar features (e.g., any teapot lid, including the one on the LI ceramic teapot), which causes false recognition of novel features that are similar to previously studied features. Although the present study cannot distinguish between these two accounts, previous experiments suggest that impoverished objectlevel representations are responsible for the effects we have observed. These studies investigated perceptual impairments following PRC lesions and controlled for the exact level of familiarity at the feature level by generating novel objects that were recombinations of previously viewed features (Barense et al., 2005; Barense, Gaffan, & Graham, 2007; Barense, Rogers, Bussey, Saksida, & Graham, 2010; Bussey, Saksida, & Murray, 2002 ). Because at the feature level, objects in some conditions were identical, successful discrimination relied on intact object-level representations. Consistent with our argument here, PRC damage impaired those discriminations that required intact object-level representation but spared discriminations in other conditions that could be solved at the feature level. As such, these findings suggest that the impairments were not due to broad/imprecise tuning at the feature level (if so, some impairments would have been observed on the feature-level discriminations) but rather to an impairment in binding intact feature-level representations into a cohesive representation of the object as a whole. Nonetheless, these studies did not address false recognition, and future work using the current paradigm but with objects composed entirely of recombinations of previously viewed features would address this issue.
The present study involved only behavioral measures; thus, it was not possible to identify the neural structures responsible for the observed results. Nonetheless, theoretical considerations sugThis document is copyrighted by the American Psychological Association or one of its allied publishers.
11 FALSE RECOGNITION gest that damage to the PRC or to the hippocampus could be responsible. The role of the PRC in object recognition is well established (e.g., Baxter & Murray, 2001; Brown & Aggleton, 2001; Buffalo, Reber, & Squire, 1998; Devlin & Price, 2007; Henson, Cansino, Herron, Robb, & Rugg, 2003; Málková, Bachevalier, Mishkin, & Saunders, 2001; Meunier, Bachevalier, Mishkin, & Murray, 1993; Mumby & Pinel, 1994; O'Neil, Cate, & Köhler, 2009; Zola-Morgan, Squire, Amaral, & Suzuki, 1989) , and the representational-hierarchical model suggests that it supports the conjunctive object representations necessary for the present task (Barense et al., 2005; Barense, Gaffan, & Graham, 2007; Bussey et al., 2002) . In a study analogous to the present one, rats with PRC lesions showed a remarkably similar profile of false recognition under conditions of high interference (McTighe et al., 2010) . Further, functional magnetic resonance imaging work in humans indicates that the PRC activation is involved in discriminations with a high, but not low, number of overlapping features (Barense, Groen, et al., 2012) . Consistent with this idea, AD neurofibrillary pathology affects the medial portions of the PRC before it spreads to the hippocampus and entorhinal cortex (Braak & Braak, 1985; Taylor & Probst, 2008) . The results of this study are also consistent with a hippocampus-based pattern separation model (e.g., Bakker, Kirwan, Miller, & Stark, 2008; Leutgeb, Leutgeb, Moser, & Moser, 2007; Marr, 1971; Norman & O'Reilly, 2003; Treves & Rolls, 1994) . This model suggests that the dentate gyrus and the CA3 subfield of the hippocampus are critical for pattern separation. Volumetric studies have shown that the hippocampi of MCI and AD patients are significantly smaller than those of healthy controls (Du et al., 2001 ) and that the hippocampus shrinks even in the course of normal aging (Raz et al., 2005) . This suggests that the results of the current study could be driven by impaired pattern separation ability due to changes in the hippocampus. Studies that afford anatomical precision are necessary before it is possible to identify the neural basis for the effects observed in the present study. Finally, the findings reported here reveal important considerations for the design of future eye movement studies and the interpretation of their results. For instance, traditionally, a reduction in eye movement sampling for a given stimulus has been interpreted as an index of memory for that stimulus. In line with previous research, the present study found reduced sampling for previously viewed objects relative to novel objects (Althoff & Cohen, 1999; Heisz & Ryan, 2011; J. D. Ryan et al., 2007) . However, the work here suggests that such an interpretation must include adequate comparisons with appropriate baseline/control conditions to avoid confounding the influence of interference with purported memory effects, particularly for participant groups that are at risk for, or are currently experiencing, significant cognitive decline. Likewise, any absence of a memory effect may be a secondary consequence of feature-level interference that causes novel objects to be treated as though they were previously viewed.
In conclusion, we found that participants at risk for MCI viewed novel objects as though they had been seen before. This abnormal novelty response was observed under conditions of high but not low visual feature-level interference. These findings challenge the commonly held assumption that pathological memory loss reflects a loss or diminished access to information (e.g., previously viewed objects appear to be novel). Here, we have shown that memory impairment in these individuals took the opposite form: Objects that should have appeared novel instead appeared to have been previously viewed. These findings are not consistent with the characterization of memory loss as the dissolution of a memory trace but rather as the failure to differentiate between visually similar objects. This leads not to forgetting but to the false recognition of novel stimuli as though they had been previously encountered. These findings challenge fundamental assumptions regarding the genesis of memory deficits following brain damage, in particular the notion that trace decay or catastrophic interference are necessarily the central components of any explanation of pathological forgetting.
